We report ROSAT PSPC spatial and spectral analysis of the eight B2 radio galaxies NGC 315, NGC 326, 4C 35.03, B2 0326+39, NGC 2484, B2 1040+31, B2 1855+37, and 3C 449, expected to be representative of the class of low-power radio galaxies. Multiple X-ray components are present in each, and the gas components have a wide range of linear sizes and follow an extrapolation of the cluster X-ray luminosity/temperature correlation, implying that there is no relationship between the presence of a radio galaxy and the gas fraction of the environment. No large-scale cooling flows are found. There is no correlation of radio-galaxy size with the scale or density of the X-ray atmosphere. This suggests that it is processes on scales less than those of the overall gaseous environments which are the major influence on radio-source dynamics.
of nuclear unresolved emission, except perhaps for NGC 315. In most sources the fraction of counts in this unresolved emission is relatively small, largely due to a large on-source extraction radius.
4C 35.03, NGC 2484, and 3C 449 were also observed with the HRI (see notes in Appendix A).
In each case the amount of nuclear unresolved flux as measured with the PSPC matches that measured with the HRI, and so we can conclude that the compact component is more peaked and of angular size a factor of 3-4 times smaller than the PSPC PRF shown in Figure 5 . The more complicated case of NGC 315 is discussed in §6.
The X-ray spectra
Spectral fits to the data were carried out over the full energy range of the PSPC, and results are given in Table 4 . For sources where the spatial fitting gives ≥ 14% of the counts in a central component we have attempted a two-component (thermal plus power-law) spectral fit.
The relative numbers of counts in the two components are generally less well constrained than in the radial-profile component separation; results in column 5 of Table 4 (expressed only over the energy band 0.2-1.9 keV for consistency with the spatial separation) can be compared with column 2 of Table 3 . Best-estimate fluxes, luminosities (Table 4 ) and temperatures (Table 5) for the thermal gas are interpolated from the single-component and two-component fits. Spectral fits assume the only absorption to be that due to gas in the line of sight in our Galaxy, and we have fixed the abundances at 30% solar, consistent with results for more luminous clusters. The abundance fraction is fairly poorly constrained by the PSPC data, particularly for two-component fits. However, for all sources the best fit is for ≤ 40% solar, and fits with 100% solar abundances give values of χ 2 more than 2.7 larger than χ 2 min , indicating they are unacceptable at > 90% confidence. Although the PSPC's spectral resolution is relatively poor, the peak response is well matched to the temperatures found for the gaseous distributions around these radio galaxies.
Characteristics of the Radio-Galaxy Environments
In Figure 6 we compare the bolometric luminosity and temperature of the X-ray emitting gas around each radio galaxy to the extrapolated but well constrained luminosity-temperature (L bol − kT ) relation for more luminous clusters (with kT > 2 keV) from Arnaud & Evrard (1999) .
Agreement is good. Since X-ray luminosity is governed by the gas mass while the temperature is determined by the total gravitating mass, the result implies that there is no relationship between the presence of a radio galaxy and the gas fraction of the environment. This is an interesting point, since the X-ray gas may play a role in the fuelling of radio galaxies, particularly in the presence of cooling flows. However, as seen from Table 5 , NGC 315 is the only source with a central cooling time which is much less than the Hubble time, and this is the only source for which the gas distribution is of galaxy size rather than cluster (or group) size. There is no evidence for cluster-scale cooling flows in the present data.
Radio-source size is not correlated with the size of the X-ray emitting medium (Figure 7 ), where note that FWHM (Table 3) is a scale factor for the size of the X-ray emitting medium rather than its total (much larger) extent. The lack of a correlation is perhaps not surprising, given that the sound crossing time in X-ray gas of extent 10 − 100 kpc, at ∼ (20 − 200) (kT /keV) −1/2 Myr, is comparable to typical radiative ages of low-power radio galaxies, at 10 − 100 Myr (Parma et al. 1999) , and so only for the oldest sources might it be expected that the gas has had time to adjust to the presence of the radio galaxy. Conversely, the lack of correlation suggests that it is small-scale processes, on size scales less than those of the overall gaseous environments, which are the major influence on radio-source dynamics and propagation.
As the spatial resolution of X-ray measurements improves, it is not surprising that inferred central gas densities decrease, as gas is resolved into larger regions. Morganti et al. (1988) infer significantly higher central densities than our values (Table 5) for a sub-sample of B2 radio galaxies measured with Einstein, although none of the objects is in common with sources in this work.
Moreover, they tentatively claim an anti-correlation between largest linear extent of radio source and central gas density, interpreting this to be evidence that the gas has a direct influence on the morphology of the radio source. No such anti-correlation is evident in our results (Figure 8 ), and again this can be understood in terms of the long timescale for X-ray gas to react to the influence of a radio source.
For all the sources we have compared minimum pressures in various parts of the radio structures with the pressure from the X-ray gas. For the radio pressure calculations it was assumed that the synchrotron spectrum extends above 50 MHz, that the electron energy spectrum is of E −2 form, and that electrons and protons contribute equally to the internal energy. Results for six of the sources are given in Figure 9 , and individual notes appear in the Appendix A and §6.
Within the limitations of the available radio-mapping data, the diffuse outer parts of all eight radio sources exhibit minimum pressures close to or below the local pressures implied by the best-fit X-ray atmospheres. In inner parts of the sources, where strong jets are seen, the minimum pressures in the kpc-scale structures sometimes lie above the pressure of the ambient gas. Thus if we are to believe that the radio structures are in pressure equilibrium with the external medium,
we require that at small angles from the cores there be an additional confinement mechanism, while at large angles from the cores additional internal pressure is needed. There are several mechanisms for additional internal or external pressure. By definition, the minimum pressures are likely to be underestimates, with higher true pressures likely if the sources have substructure,
contain a large population of non-radiating relativistic particles or entrained ambient material (on which limits can be placed by depolarization studies if the magnetic field has a simple topology), or are simply far from equipartition. If the sources are not in the plane of the sky, then projection effects tend to overestimate the local ambient pressures. Additional external confinement may be provided by magnetic fields or local pressure enhancements near the radio sources and associated with the source dynamics.
There are three exceptions to this general pattern. 3C 449 and 4C 35.03 are underpressured over their entire structures, and NGC 315 may remain close to pressure equilibrium throughout its length. NGC 315 is 1.7 Mpc in size, easily the largest in our sample, and here an extrapolation beyond the region of clear X-ray detection suggests the source may remain close to pressure equilibrium over a factor 1600 variation in the ambient gas pressure. We would speculate that it is because NGC 315 is close to pressure equilibrium that it is able to grow to such a large scale.
The detected X-ray emitting atmosphere extends only to ∼ 2.5 arcmin (70 kpc), however. Thus it is not certain that the extrapolated X-ray pressure estimates at the largest scale of the source are realistic.
The Special Case of NGC 315
The spatial structure of the X-ray emission around NGC 315 is unique amongst the sample in its compactness. Canosa et al. (1999) attributed all the (mildly extended) ROSAT HRI flux, within an on-source extraction radius of 50 arcsec, to unresolved emission of luminosity (1.3 ± 0.1) × 10 42 ergs s −1 (statistical errors), because of limitations due to the aspect-correction errors in the ROSAT Standard Analysis Software System (SASS) data. However, the PSPC data show that extended emission is definitely present (Fig. 5) , and the nature of the most compact regions of the source need further investigation.
Although the PSPC spatial analysis prefers the presence of a point source with only marginal significance (and not at all when the two observations are combined), a substantial AGN-related contribution to the PSPC data seems justified since 1. there is a significant improvement in spectral fits when a power-law component is included (Table 4) , 2. a two-temperature thermal fit (assuming 30% cosmic abundances) gives 56% of the counts in a thermal of temperature 0.6 keV, and the rest in a hot component of 2.8 keV, in which case the temperature is surprisingly high given the emission's compactness and luminosity (Fig. 6) , and 3. the presence of significant power-law emission is suggested by the relatively strong radio core and the correlation of radio-core and compact-X-ray luminosity shown by the larger sample of B2 radio galaxies, including NGC 315 (Canosa et al. 1999 ).
However, the luminosity in unresolved emission from the PSPC spectral (and spatial) fitting, at ∼ 0.5 × 10 42 ergs s −1 , is significantly smaller than the total luminosity in the HRI data, and roughly equal to the contribution from gas measured with the PSPC. This suggests that the unresolved emission increased by a factor up to two (depending on the precise contribution of thermal emission to the HRI flux) in the two years separating the PSPC and HRI observations. This is not impossible if the emission is non-thermal and radio-related in nature, and the result is supported by the earlier Einstein report of variability.
We have re-examined the HRI data for spatial extent after first applying software just released A further complication is that this is the only source from the current sample where the cooling time is sufficiently short (Table 5) over a point source plus β-model is achieved unless the cooling radius of the gas is ∼ < 5 kpc, which not only implies an atmosphere less than ∼ 300 Myr old, but also is inconsistent with the larger cooling radius suggested by the PSPC data. It certainly remains possible that a very small-scale cooling flow contributes to the unresolved emission, and we now await data from the Chandra Observatory, whose ∼ 0.5 arcsec resolution will significantly improve our knowledge of the inner regions of this source.
The minimum pressures of various regions in the inner radio jet of NGC 315 were estimated from a 1.4 GHz WSRT map kindly provided by Alan Willis, and supplemented by the lowerresolution results of Mack et al. (1998) in the outer parts of the source. Figure 9 shows these minimum pressures superimposed on the pressure of the X-ray emitting atmosphere estimated from the best-fitting β-model (Table 5 ) and extrapolated beyond the regions of clear X-ray detection. This figure suggests that if the radio jet lies close to the plane of the sky, then only the knot at about 5 arcmin from the core may lie significantly out of pressure balance: all the other parts of the jet and the outer radio source may lie near pressure equilibrium or be confined by the external medium. Given the wide range in pressures (a factor 1600), this suggests that the structure of NGC 315 may be strongly influenced by the X-ray emitting atmosphere over the entire region outside 20 arcsec from the nucleus. Within 20 arcsec of the nucleus the radio data available to us have insufficient resolution to allow a useful estimate of the minimum pressure: similarly, structures of smaller angular size in other parts of NGC 315 may be far from pressure balance. Figure 10 shows an overlay of the inner part of the radio source on the PSPC X-ray emission.
There is a possible small-scale extension of the X-ray emission along both jets, but the two X-ray excesses to the northwest, one of which lies on the jet, are most likely associated with background sources for which optical candidates are visible on the Palomar Sky Survey images.
Conclusions
The analyses of these eight B2 radio galaxies lead to several conclusions which we may expect to be generic of low-power radio galaxies as a class:
1. All eight X-ray sources exhibit multiple components.
2. The extended atmospheres have a wide range of linear sizes, and follow the cluster X-ray luminosity/temperature correlation.
(3.7 ± 0.4) × 10 42 ergs s −1 (Canosa et al. 1999) . The best-fit luminosity in unresolved emission from the PSPC is 3.6 × 10 42 ergs s −1 , in excellent agreement. Our forthcoming Chandra observation should discriminate between an AGN and compact-gas origin for the unresolved emission. The PSPC radial profile is relatively insensitive to the value of β for the extended emission, but prefers a steeper distribution than β = 2/3 which was assumed by Worrall & Birkinshaw (1994) . The radio structure is shown in de Ruiter et al. (1986) to be that of a weak, one-sided, jet within a diffuse, low surface-brightness, envelope. The minimum pressure in different parts of the radio source is compared with the gas pressure based on the X-ray model in Figure 9 . Colla et al. [1975] , corrected to the flux scale of Baars et al. [1977] ) for the complete sample of 47 B2 radio galaxies with z ≤ 0.065 (Canosa et al. 1999) . Solid shading shows that the subset of 8 sources in this work are representative of the complete sample in all three properties except for total radio power.
4C 35.03 B2 0326+39 NGC 315: 0.19, 0.34, 0.6, 1.9, 3.4, 6, 19, 34. NGC 326: 0.18, 0.3, 0.5, 0.83, 1.4, 2.3, 3.9, 6.6. 4C 35.03: 0.19, 0.34, 0.6, 1.1, 1.9, 3.4, 6. B2 0326+39: 0.19, 0.34, 0.6, 1.1, 1.9, 3.4, 6, 11, 19 . NGC 2484 .0. Two separate panels for NGC 315 correspond to the January and July 1992 observations (see §2). Table 4 but with bolometric corrections applied) vs. temperature (from Table 5 ). The open circle is the result for NGC 315 assuming no power-law component.
The solid and dashed lines are the best-fit relation and rms deviations for more luminous clusters (∼ 10 44 − 10 46 ergs s −1 ) from Arnaud & Evrard (1999).
-26 - Fig. 7. -The largest linear size of radio structure (Table 1) is uncorrelated with the linear size of the X-ray emitting atmosphere (Table 3 ).
-27 - Fig. 8 .-The largest linear size of radio structure (Table 1) is uncorrelated with the central density of X-ray emitting gas (Table 5 ). Dashed line is Morganti et al. (1988) 's correlation for an inhomogeneous sample of low-luminosity radio galaxies based on Einstein data. c Largest angular size of radio structure 
